It is generally agreed that the Duchenne form of muscular dystrophy is transmitted as a sex-linked recessive trait with a high mutation rate. The female may be a carrier, but the clinical manifestations of the disease will be limited to males. The occasional expression in the female has been explained by either autosomal recessive inheritance (Dubowitz, 1960) or the mating of a carrier female with a male from whom the X-chromosome has been eliminated during the process of fertilization, giving rise to an X-O female (Walton, 1956) .
More recently Lyon's hypothesis of X-chromosome mosaicism has been suggested as an explanation for the occurrence of minor clinical features of the disease in female carriers (Emery, 1963; Pearson, Fowler, and Wright, 1963) . Lyon (1961) proposed that in all female mammalian somatic cells one Xchromosome became inactive early in embryonic life, that in any given cell this might be the paternal or maternal X-chromosome, and that the descendents of this cell would have the same genetic characters. If this hypothesis be true, then in the female carrier of Duchenne dystrophy, any individual muscle fibre might be normal if its characteristics were determined by the normal paternal X-chromosome or dystrophic if determined by the abnormal maternal X-chromosome. Thus, the carrier would have two populations of muscle fibres, normal and dystrophic, and whether or not there were clinical manifestations of the disease would depend on the proportion of dystrophic fibres.
It is known that there is markedly increased activity of a number of enzymes in the serum of patients with Duchenne dystrophy, particularly creatine phosphokinase. Supposedly, in this condition, the muscle membrane is altered, allowing the intracellular enzymes to leak into the serum (Thomson, 1962 (Pearson, 1962) and in female relatives of dystrophic males (Richterich, Rosin, Aebi, and Rossi, 1963; Hughes, 1963; Pearce, Pennington, and Walton, 1964b) suggests that in these the muscle membrane is similarly altered. Further Pearson et al. (1963) have shown that in three female siblings with elevated serum creatine phosphokinase levels there were minimal changes in isolated muscle fibres, although there were no clinical abnormalities. The identification of the carrier state would then depend on the demonstration of a population of dystrophic muscle fibres, either directly by histological examination or inferentially by measurement of serum creatine phosphokinase activity.
Previous studies have not yet defined whether the creatine phosphokinase activity changes with exercise. That it might be elevated following severe exercise was suggested by Richterich et al. (1963) although Hughes (1963) , and Pearce, Pennington, and Walton (1964a) TEST PROCEDURE Blood samples for estimation of creatine phosphokinase activity were taken before rising 104
Serum enzyme variations and histological abnormalities in the carrier state in Duchenne dystrophy 105 in the morning after at least 10 hours of rest in bed. Exercise consisted of walking for one hour at three miles per hour up an 8% incline. Serial samples were taken immediately after the exercise and as nearly as possible, two, five, and 24 hours later. The 24-hour specimen followed 10 hours of strict bed rest. Random samples were taken in the afternoon of a normal working day. A biopsy of the gastrocnemius muscle was taken in three of the four mothers of patients with Duchenne dystrophy. Serial sections were cut at 5 u intervals and stained alternately with haemotoxylin and eosin and picroponceau in blocks of five.
SERUM CREATINE PHOSPHOKINASE METHOD Serum creatine phosphokinase activity was estimated using a slight modification of the method of Ebashi (Ebashi, Toyokura, Momoi, and Sugita, 1959; Okinaka, Kumagai, Ebashi, Sugita, Momoi, Toyokura, and Fujie, 1961) . This method utilizes the 'backward reaction', i.e., the formation of creatine phosphate from creatine and A.T.P. is measured. The resulting creatine phosphate is determined as phosphate following hydrolysis in an acid molybdate solution at room temperature for 30 minutes. Hydrolysis of creatine phosphate is complete while A.T.P. and A.D.P. undergo minimal breakdown under these conditions (Ennor and Stocken, 1948) .
Two incubation media were used. Solution no. 1 contained 0-024 M creatine, 0-002 M Na2ATP, 0-006 M MgSO4, and 0-096 M tris (hydroxymethyl) aminomethane adjusted to pH 9 0. Solution no. 2 was similar to no. I except that creatine was omitted. For each determination, a pair of tubes containing 0-9 ml. of solutions no. 1 and no. 2, respectively, were preheated in a 37°C. bath. Duplicate determinations were carried out on each serum. Serum, 0-1 ml., was added to each of the pair of tubes, and the tubes were returned to the bath. After 30 minutes, the reaction was stopped by adding 0-2 ml. of 50% trichloroacetic acid, and the tubes were promptly centrifuged. An aliquot from the supernatant of each tube was transferred to a separate tube containing a sulphuric acid-molybdate solution. This solution was prepared so that the final concentrations after addition of the aliquot were the same as those employed in the Martin and Doty (1949) procedure for phosphorus determination (0-8 N H2SO4 and 1 % ammonium molybdate). These tubes were allowed to remain at room temperature for 30 minutes in order to hydrolyze any creatine phosphate present. A phosphorus analysis was then performed using an adaptation of the Martin and Doty method. For each sample, the difference in inorganic phosphorus between solutions no. 1 and no. 2 after incubation and hydrolysis was taken to be equivalent to the amount of creatine phosphate formed. The correction suggested by Ebashi et al. (1959) was not used. Results were expressed in international units, i.e., 41M substrate/minute/1,000 ml. serum. Table I shows the results of a random sampling from 10 normal young women during daily activity. Table II shows the serial estimations of creatine phosphokinase activity in healthy young women. There is no significant effect of rest or exercise. Table III gives the results of the test procedure on 
RESULTS
S.T. group.bmj.com on June 15, 2017 -Published by http://jnnp.bmj.com/ Downloaded from levels of creatine phosphokinase activity in four mothers of males with Duchenne dystrophy. In three of the four, the random sample showed raised levels of activity: in all, the resting values are within normal limits.
BIOPSY
In each of the three cases where a biopsy of muscle was taken, definite pathological changes were present. These were limited to a few fibres, the remainder of the muscle appearing normal except for occasional clumps of hyperchromatic sarcolemmal nuclei, suggesting that muscle fibres might have completely disappeared. Individual muscle fibres were affected and even segments of fibres. Sometimes the myofibrils had disappeared and sarcoplasm showed a floccular change (Fig. 1) . In one case, vacuolar degeneration had occurred in the centre of a swollen muscle fibre (Fig. 2) . Disappearance of segments of myofibres was indicated by an occasional empty sarcolemmal tube surrounded by swollen sarcolemmal nuclei with nucleoli (Fig. 3) . More often the sarcolemmal tube was packed with macrophages and no trace of myofibrillar structure remained (Figs. 4 and 5) . Connective tissue stains showed that these collections of phagocytic cells were not interstitial. Two adjacent fibres might be affected with loss of striation, invasion by macrophages, and large vesicular nuclei (Fig. 6) . Such changes have not been seen in normal muscle in our experience. Marin and Denny-Brown (1962) commented that, although there might be some variation in size of 10 to 15% of muscle fibres in normals, loss of cross striations, sarcoplasmic cloudy granular changes, and phagocytosis were absent.
DISCUSSION
Three of the four mothers were selected for this investigation because of elevated creatine phosphokinase activity on random sampling. The study is not concerned with the incidence of elevated creatine phosphokinase activity in the mothers of males with Duchenne dystrophy.
Previous investigations have shown that the level of creatine phosphokinase activity in the normal is not significantly influenced by exercise, although Richterich et al. (1963) reported a mild elevation after severe physical work. Thus it has been considered that in the identification of the female carrier exercise does not influence a casual estimation (Pearce et al., 1964b (Pearson, 1962) . The latter suggested that this reflected a decline in the total number of muscle fibres. An alternative explanation is that the enforced inactivity reduced the leak. In one of our cases of pseudohypertrophic dystrophy, the level of creatine phosphokinase activity at rest was 95i.u., but after walking around the ward rose to 230i.u. Isolated dystrophic fibres were seen in the three biopsy specimens. These were rare, and characterized by loss of myofibrillar structure, often with phagocytosis by macrophages. In one case, in addition, there were swollen fibres containing vacuoles. This histological demonstration of a small proportion of abnormal fibres lends support to the Lyon hypothesis and shows that, in the female carrier, when the serum creatine phosphokinase activity is elevated, a proportion of dystrophic fibres exists. Whether these may later disappear, thus accounting for normal creatine phosphokinase levels in known carriers, has not yet been established. It is clear that one cause of normal levels in such carriers may be the time of the random sample and this should always be taken after a period of moderate exercise.
SUMMARY
Four mothers of males with the Duchenne type of muscular dystrophy showed normal levels of creatine phosphokinase activity after a number of hours of bed rest. There was a prompt rise after standard exercise, in three cases the level corresponding closely to that obtained by random sampling during ordinary daily activity. In each of these three cases, biopsy of the gastrocnemius muscle showed isolated dystrophic fibres. It is concluded that when the creatine phosphokinase activity is raised in the female carrier of Duchenne dystrophy, a population of abnormal fibres exists and that intracellular enzymes leak into the serum on muscular exertion but not at rest. If creatine phosphokinase activity is to be used as a method of identifying the female carrier it is important that the sample be taken after a period of activity.
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